Insulin Degrading Enzyme Assays for Treatment of Alzheimer\u27s Disease by Hersh, Louis B.
University of Kentucky
UKnowledge
Molecular and Cellular Biochemistry Faculty
Patents Molecular and Cellular Biochemistry
10-5-2010
Insulin Degrading Enzyme Assays for Treatment of
Alzheimer's Disease
Louis B. Hersh
University of Kentucky, lhersh@uky.edu
Right click to open a feedback form in a new tab to let us know how this document benefits you.
Follow this and additional works at: https://uknowledge.uky.edu/biochem_patents
Part of the Medical Biochemistry Commons
This Patent is brought to you for free and open access by the Molecular and Cellular Biochemistry at UKnowledge. It has been accepted for inclusion in
Molecular and Cellular Biochemistry Faculty Patents by an authorized administrator of UKnowledge. For more information, please contact
UKnowledge@lsv.uky.edu.
Recommended Citation
Hersh, Louis B., "Insulin Degrading Enzyme Assays for Treatment of Alzheimer's Disease" (2010). Molecular and Cellular Biochemistry
Faculty Patents. 6.
https://uknowledge.uky.edu/biochem_patents/6
(12) United States Patent 
Hersh 
US007807396B2 
US 7,807,396 B2 
Oct. 5, 2010 
(10) Patent N0.: 
(45) Date of Patent: 
(54) INSULIN DEGRADING ENZYME ASSAYS 
FOR TREATMENT OF ALZHEIMER’S 
DISEASE 
Inventor: (75) Louis B. Hersh, Lexington, KY (US) 
(73) Assignee: University of Kentucky Research 
Foundation 
Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 771 days. 
(21) 
(22) 
Appl. N0.: 10/513,470 
PCT Filed: Jun. 3, 2003 
PCT No.: 
§ 371 (0X1)’ 
(2), (4) Date: 
(86) PCT/US03/17267 
Aug. 12, 2005 
(87) PCTPub.No.: WO03/102016 
PCT Pub. Date: Dec. 11, 2003 
(65) Prior Publication Data 
US 2006/0087736 A1 Apr. 27, 2006 
Related US. Application Data 
Division of application No. 09/792,079, ?led on Feb. 
26, 2001, noW abandoned. 
(62) 
(60) Provisional application No. 60/184,826, ?led on Feb. 
24, 2000. 
(51) Int. Cl. 
G01N 33/573 (2006.01) 
(52) US. Cl. ................................................... .. 435/7.72 
(58) Field of Classi?cation Search ..................... .. None 
See application ?le for complete search history. 
(56) References Cited 
U.S. PATENT DOCUMENTS 
4,897,389 A 1/1990 Aroonsakul 
5,554,601 A 9/1996 Simpkins et al. 
5,624,894 A 4/1997 Bodor 
5,952,346 A 9/1999 Heitsch et al. 
6,333,317 B1 12/2001 Lee et a1. 
2002/0091072 A1 7/2002 Eckman et al. 
2004/0038302 A1 2/2004 Nitsch et a1. 
FOREIGN PATENT DOCUMENTS 
W0 WO 02/25279 9/2001 
W0 WO 02/22794 3/2002 
W0 W0 02/087552 11/2002 
OTHER PUBLICATIONS 
Blaustein. Minireview: Neuronal steroid hormone receptors: they’re 
not just for hormones anymore. Endocrinology. Mar. 
2004;145(3):1075-81. Epub Dec. 11, 2003.* 
Carson JA, Turner AJ. J Neurochem. Apr. 2002;81(1):1-8. Beta 
amyloid catabolism.‘ roles for neprilysin (NEP) and other metal 
lopeptidases? 
ChesneauV, Vekrellis K, Rosner MR, Selkoe DJ. Biochem J. Oct. 15, 
2000;351 Pt 2:509-16. Puri?ed recombinant insulin-degrading 
enzyme degrades amyloid beta-protein but does not promote its 
oligom eriza tion. 
Eckman EA, Watson M, Marlow L, Sambamurti K, Eckman CB. J 
Biol Chem. Jan. 24, 2003;278(4):2081-4. Epub Dec. 2, 2002. 
Alzheimer’s disease beta-amyloid peptide is increased in mice de? 
cient in endothelin-converting enzyme. 
Hama E, Shirotani K, Masumoto H, Sekine-AizaWaY, AizaWa H, 
Saido TC. J Biochem (Tokyo). Dec. 2001;130(6):721-6. Clearance 
of extracellular and cell-associated amyloid beta peptide through 
viral expression of neprilysin in primary neurons. 
Haouas H, Morello D, Lavenu A, Billard M, Jasmin C, Boucheix C. 
Biochem Biophys Res Commun. Feb. 27, 1995;207(3):933-42. 
Characterization of the 5 ’ region of the CD1 0/neutral endopeptidase 
24. 11 gene. 
Henderson VW, Paganini-Hill A, Miller BL, Elble RJ, Reyes PF, 
Shoupe D, McCleary CA, Klein RA, Hake AM, Farlow MR. Neu 
rology. Jan. 25, 2000;54(2):295-301. Estrogenfor Alzheimer’s dis 
ease in Women.‘ randomized, double-blind, placebo-controlled trial. 
Howell S, Nalbantoglu J, Crine P. Peptides. 1995;16(4):647-52. Neu 
tral endopeptidase can hydrolyze beta-amyloid(1-40) but shows no 
e?ect on beta-amyloid precursor protein metabolism. 
Ishimaru F, Mari B, Shipp MA. Blood. Jun. 1, 1997;89(11):4136-45. 
The type 2 CD10/neutral endopeptidase 24. 11 promoter.‘ functional 
characterization and tissue-speci?c regulation by CBF/NF-Y 
isoforms. 
IWata N, Tsubuki S, TakakiY, Watanabe K, Sekiguchi M, Hosoki E, 
KaWashima-Morishima M, Lee HJ, Hama E, Sekine-AizaWaY, Saido 
TC. Nat Med. Feb. 2000;6(2):143-50. Identi?cation of the major 
Abeta1-42-degrading catabolic pathway in brain parenchyma.‘ sup 
pression leads to biochemical and pathological deposition. 
IWata N, Tsubuki S, TakakiY, Shirotani K, Lu B, Gerard NP, Gerard 
C, Hama E, Lee HJ, Saido TC. Science. May 25, 
2001;292(5521): 1550-2. Metabolic regulation of brain Abeta by 
neprilysin. 
Kurochkin IV, Goto S. FEBS Lett. May 23, 1994;345(1):33-7. 
Alzheimer’s beta-amyloid peptide speci?cally interacts with and is 
degraded by insulin degrading enzyme. 
Kurochkin IV. Trends Biochem Sci. Jul. 2001;26(7):421-5. Insulin 
degrading enzyme.‘ embarking on amyloid destruction. 
Li C, Hersh LB. Arch Biochem Biophys. Oct. 1, 1998;358(1): 189-95. 
Characterization of the promoter region of the rat neprilysin gene. 
Li C, Booze RM, Hersh LB. J Biol Chem. Mar. 17, 
1995;270(11):5723-8. Tissue-speci?c expression of rat neutral 
endopeptidase (neprilysin) mRNAs. 
Li C, Guoj in Chen, Norma P. Gerard, Craig Gerard, Carmen R Bozic, 
Louis B. Hersh “Comparison of the structure and expression of the 
human rat neprilysin (endopeptidase 24.11)- encoding genes.” Gene. 
164 (1995) pp. 363-366. 
(Continued) 
Primary ExamineriDaniel E Kolker 
Assistant Examiner4Gregory S Emch 
(74) Attorney, Agent, or FirmiMcDermott Will & Emery 
LLP 
(57) ABSTRACT 
Estrogen has been shoWn to increase the expression and activ 
ity of amyloid peptide inactivating enzymes in the brain. 
Peptides have been shoWn to increase the activity of an amy 
loid peptide inactivating enzyme. Methods of identifying 
compounds for, and methods of treating patients With, Alzhe 
imer’s Disease is disclosed. 
7 Claims, 19 Drawing Sheets 
US 7,807,396 B2 
Page 2 
OTHER PUBLICATIONS 
Marr RA, Rockenstein E, Mukherjee A, Kindy MS, Hersh LB, Gage 
FH, Verma IM, Masliah E. J Neurosci. Mar. 15, 2003;23(6): 1992-6. 
Neprilysin gene transfer reduces human amyloid pathology in 
transgenic mice. 
McDermott JR, Gibson AM. Neurochem Res. Jan. 1997;22(1):49 
56. Degradation of Alzheimer’s beta-amyloid protein by human and 
rat brain peptidases.‘ involvement of insulin-degrading enzyme. 
Miller BC, Eckman EA, Sambamurti K, Dobbs N, Chow KM, Eck 
man CB, Hersh LB, Thiele DL. Proc Natl Acad Sci U S A. May 13, 
2003;100(10):6221-6. Epub May 5, 2003.Amyloid-betapeptide lev 
els in brain are inversely correlated with insulysin activity levels in 
VlVO. 
Mohajeri MH, Wollmer MA, Nitsch RM. J Biol Chem. Sep. 20, 
2002;277(38):35460-5. Epub Jul. 8, 2002. Abeta 42-induced 
increase in neprilysin is associated with prevention of amyloid 
plaque formation in vivo. 
Perez A, Morelli L, Cresto JC, Castano EM. Neurochem Res. Feb. 
2000;25(2):247-55. Degradation of soluble amyloid beta-peptides 
1-40, 1-42, and theDutch variant 1-40Q by insulin degrading enzyme 
from Alzheimer disease and control brains. 
Petanceska SS, Nagy V, Frail D, Gandy S. EXp Gerontol. Dec. 
2000;35(9-10):1317-25. Ovariectomy and 17beta-estradiol modu 
late the levels of Alzheimer’s amyloid beta peptides in brain. 
Pinto FM, Armesto CP, Magraner J, Trujillo M, Martin JD, Candenas 
ML. Endocrinology. Jun. 1999;140(6):2526-32. Tachykinin receptor 
and neutral endopeptidase gene expression in the rat uterus.‘ char 
acterization and regulation in response to ovarian steroid treatment. 
Qiu WQ, Walsh DM, Ye Z, Vekrellis K, Zhang J, Podlisny MB, 
Rosner MR, Safavi A, Hersh LB, Selkoe DJ. J Biol Chem. Dec. 4, 
1998;273(49):32730-8. Insulin-degrading enzyme regulates 
extracellular levels of amyloid beta-protein by degradation. 
Shen R, Sumitomo M, Dai J, Hardy DO, Navarro D, Usmani B, 
Papandreou CN, Hersh LB, Shipp MA, Freedman LP, Nanus DM. 
Mol Cell Endocrinol. Dec. 22, 2000;170(1-2): 131-42. Identi?cation 
and characterization of two androgen response regions in the human 
neutral endopeptidase gene. 
Shirotani K, Tsubuki S, IWata N, TakakiY, Harigaya W, Maruyama K, 
Kiryu-Seo S, Kiyama H, IWata H, Tomita T, IWatsubo T, Saido TC. J 
Biol Chem. Jun. 15, 2001;276(24):21895-901. Epub Mar. 6, 2001. 
Neprilysin degrades both amyloid beta peptides 1-40 and 1-42 most 
rapidly and ef?ciently among thiorphan- and phosphoramidon-sen 
sitive endopeptidases. 
Song ES, Mukherjee A, Juliano MA, Pyrek JS, Goodman JP Jr, 
Juliano L, Hersh LB. J Biol Chem. Jan. 12, 2001;276(2):1152-5. 
Analysis of the subsite speci?city of rat insulysin using ?uorogenic 
peptide substrates. 
Tharaux PL, Stefanski A, Ledoux S, Soleilhac JM, Ardaillou R, 
Dussaule JC.Am J Physiol. Jun. 1997;272(6 Pt 1):C1836-43. EGF 
and T GF -beta regulate neutral endopeptidase expression in renal 
vascular smooth muscle cells. 
Vekrellis K, Ye Z, Qiu WQ, Walsh D, Hartley D, Chesneau V, Rosner 
MR, Selkoe DJ. J Neurosci. Mar. 1, 2000;20(5):1657-65. Neurons 
regulate extracellular levels of amyloid beta-protein via proteolysis 
by insulin-degrading enzyme. 
Abraham R, Myers A, Wavrant-Devrieze F, Hamshere ML, Thomas 
HV, Marshall H, Compton D, Spurlock G, Turic D, Hoogendoorn B, 
KWon JM, Petersen RC, Tangalos E, Norton J, Morris JC, Bullock R, 
Liolitsa D, Lovestone S, Hardy J, Goate A, O’Donovan M, Williams 
J, Owen MJ, Jones L. “Substantial Linkage Disequilibrium Across 
the Insulin-Degrading Enzyme Locus But No Association With Late 
Onset Alzheimer’s Disease” Hum Genet. Dec. 2001; 109(6):646-52. 
Selkoe DJ “Clearing the Brain’s Amyloid Cobwebs” Neuron. Oct. 
25, 2001;32(2): 177-80. 
Fricke B, Betz R, Friebe S, “A Periplasmic Insulin-Cleaving 
Proteinase (ICP) From Acinetobacter Calcoaceticus Sharing Proper 
ties With Protease II From Escherichia coli and IDE From 
Eukaryotes” Chemical Abstracts, 1995; 123177933X. 
Espinosa R III, Lemons RS, Perlman RK, Kuo WL, Rosner MR, 
Lebeau MM “Localization of the Gene Encoding Insulin-Degrading 
Enzyme to Human Chromosome 10, Bands Q23-Q25” J-Biochem 
Genetics, 1992; 116:77617C. 
Sakamoto T, “Establishment of Radioimmunoassay for Human 
Crythrocyte Insulin-Degrading Enzyme (IDE) and Its Clinical Appli 
cation” 7-Enzymes, 1989; 111:92605N. 
Sodeyama N, MizusaWa H, Yamada M, ItohY, Otomo E, Matsushita 
M, “Lack of Association of Neprilysin Polymorphism With 
Alzheimer’s Disease and Alzheimer’s Disease-Type 
Neuropathological Changes” J. Neurol Neurosurg Psychiatry 2001; 
71:817-824. 
Nitsch et al. “Upregulation of Neprilysin Prevents Amyloid Plaque in 
SWAPP Transgenic Mice”, Soc. for NeuroscienceAbstracts, vol. 27, 
No. 1, pp. 926, Aug. 17, 2001. 
Tanzi et al. “Clearance of Alzheimer’s AB Peptide: The Many Roads 
to Perdition”, Neuron Sep. 2004, vol. 43. No. 5, pp. 605-608. 
KojiYasojima, Haruhiko Akiyama, Edith G. McGeer, and Patrick L. 
McGeer, “Reduced Neprilysin in High Plaque Areas of Alzheimer 
Brains; A Possible Relationship to De?cient Degradation of 
[5-Amyloid Peptide”, Neuroscience Letters 297, (2001) pp. 97-100. 
Atish Mukherjee, Eun-Suk Song, Muthoni Kihiko-Ehmann, Jack P. 
Goodman Jr, Jan St. Pyrek, Steven Estus, and Louis B. Hersh, 
“Insulysin Hydrolyzes Amyloid [5 Peptides to Products That Are 
Neither Neurotoxic Nor Deposit on Amyloid Plaques”, The Journal 
ofNeuroscience, Dec. 1, 2000, 20(23) pp. 8745-8749. 
Yoshie Takaki, Nobuhisa IWata, Satoshi Tsubuki, Sayuri Taniguchi, 
Satoshi Toyoshima, Bao Lu, Norma P. Gerard, Craig Gerard, Hahn 
Jun Lee, Keiro Shirotani, and Takaomi C. Saido, “Biochemical Iden 
ti?cation of the Neutral Endopeptidase Family Member Responsible 
for the Catabolism of Amyloid [5 Peptide in the Brain,” The Japanese 
Biochemical Society vol. 128, (2000) pp. 897-902. 
Igor V. Kurochkin, Sataro Goto, “Alzheimer’s [5-Amyloid Peptide 
Speci?cally Interacts With and is Degraded by Insulin Degrading 
Enzyme”, FEBS Letters 345 (1994) 33-37. 
Fukami S, Watanabe K, IWata N, Haraoka J, Lu B, Gerard NP, Gerard 
C, Fraser P, WestaWay D, St. George-Hyslop P, Saido TC. “a [5-De 
grading Endopeptidase, Neprilysin, in Mouse Brain; Synaptic and 
AXonal Localization Inversely Correlating With a [5-Pathology” 
Neurosci Res. May 2002; 43(1):39-56. 
Hauss-Wegrzyniak B, Wenk GL. “[5-Amyloid Deposition in the 
Brains of Rats Chronically Infused With Thiorphan or Lipopolysac 
charide: The Role of Ascorbic Acid in the Vehicle” Neurosci Lett. 
Apr. 5, 2002;322(2):75-8. 
Oda M, Morino H, Maruyama H, TerasaWa H, IzumiY, Torii T, Sasaki 
K, Nakamura S, KaWakami H. “Dinucleotide Repeat Polymorphins 
in the Neprilysin Gene Are Not Associated With Sporadic 
Alzheimer’s Disease.” Neurosci Lett. Mar. 1, 2002;320(12): 105-7. 
Clark, et al., 1993, Arch. Neurol., 50, pp. 1164-1172. 
* cited by examiner 
US. Patent 0a. 5, 2010 Sheet 1 0f 19 US 7,807,396 B2 
FIGURE 1
100 75 50 25 
W395 
US. Patent 0a. 5, 2010 Sheet 2 0f 19 US 7,807,396 B2 
N EDGE
“5:82. mewW5  Vas;
3. NF2mov c
. . o
22m $-33
we UmExEQTNQL.
MDT“? :2.
I T 
m=mo 332E:
- ow ow? 
Jaqumu “emu! ,lo %) mnyuns |euomaN 

US. Patent 0a. 5, 2010 Sheet 4 0f 19 US 7,807,396 B2 
llmw I ‘No II 0:‘ ll com 2: 
US. Patent 0a. 5, 2010 Sheet 5 0f 19 US 7,807,396 B2 
m EDGEwQuJEE mw a mLon mo.~.. 
MU 
“0 0 
:0 0mV 0 “U
h 
00 u uw 
m 
Q 
.moh a Q
n o 
r D QO Q 
n0 .°-. M. 
Q 
my 
US. Patent 0a. 5, 2010 Sheet 6 0f 19 US 7,807,396 B2 
c EOE
US. Patent 0a. 5, 2010 Sheet 7 0f 19 US 7,807,396 B2 
N3. ¢<+ 35 Sara:oocm c mm6
UOIIIPPB ON 
w 205
21. a4+ SE Ema-55com anm6
2 8 
(luazuad) 
wnyuns "a3 
a2. 
uvmppe 0N 
O 
(D 
D 
so 52. 
< (waxed) 
mnyuns "a9 

US. Patent 0a. 5, 2010 Sheet 9 0f 19 US 7,807,396 B2 
55 Emban
can 
an m6od 0
m 
I‘ -
‘ 
a 
D M N 
(samwmweu) 
pausodap Ob'l- ‘ilV 
In 
a EDGE
85 c325...
com 
cm 
m 6
m 
i 
. v 0 . Nd . n6 . Q6 3... 
< (smowmweu) 
pausodap or» w 
US. Patent 0a. 5, 2010 Sheet 10 0f 19 US 7,807,396 B2 
. _o 50 752@836 a. QR;wimp-magnum u??lvmQ€
150 
125 
24 hrs 12 24 12 
NE!’ virus Control virus 
FIGURE 10 
US. Patent 0a. 5, 2010 Sheet 11 0f 19 US 7,807,396 B2 
%. wn 
Q8260 a. §icrmgw :9013-85 2
-AB +AB -Ap +AB 
+GFP 
vector 
+NEP 
vector 
+Cont 
vector 
Cont 
FIGURE 11 
US. Patent 0a. 5, 2010 Sheet 12 0f 19 US 7,807,396 B2 
Q mEDUE
25> BEsoMin?
US. Patent 0a. 5, 2010 Sheet 13 0f 19 US 7,807,396 B2 
2 HMDQHH
b. 
, 3BE 
US. Patent 0a. 5, 2010 Sheet 14 0f 19 US 7,807,396 B2 
Qmm #Nm uYwm 06m 
3N. wém 9mm 52 
m . 5o
3 HEDGE
gm 9%. Q3 NS gmpim +z>O 
QR, MEN .....Q. :0, .Qmw 5/0 
:8 my? gm gm wzehw 855D 
E 0,95 mm 205 mm 20.5.E 22%
www?wzm SE QEMESQE E,.som mraé <ZM
~52 :Q 32 30.33
.svwobmu 9 2263355 0  68mm . 

US. Patent 0a. 5, 2010 Sheet 16 0f 19 US 7,807,396 B2 
cw 
am 
3 EDGE2: $5.EESQE aw on
:N 
A: 
‘(111111012 911111219“ 

US. Patent 0a. 5, 2010 Sheet 18 0f 19 US 7,807,396 B2 
vu :oxw
nu mm 
ma>h wa>h ma>h 
ow-m wcoxwUUIAH 
a m-MDUHH
w coxw
m coxw
w coxm
wcoxm 






















